Introduction
This report provides a summary of information on age, reproduction, survival and abundance estimates of some populations of common bottlenose dolphins (Tursiops truncatus) -hereafter referred to as bottlenose dolphins -in the Southwest Atlantic Ocean. For such purpose we surveyed the literature and compiled the information available from peer-reviewed scientific articles, master's and doctoral theses as well as working papers presented during the First Workshop on the Research and Conservation of Tursiops truncatus: Integrating knowledge about the species in the Southwest Atlantic Ocean. The meeting was held in Cassino Beach, Rio Grande, Brazil between 21-23 May 2010. Personal communications provided during the meeting were also included to complement this report. Each discussed topic followed the geographical sub-divisions established during the Workshop (see Fruet et al., 2016 Introduction, this volume): a) northern Brazil; b) northeastern Brazil; c) southeastern Brazil; d) southern Brazil and Uruguay and e) Argentina.
Age structure of stranded and incidentally-caught dolphins
Only three studies have reported the age structure of common bottlenose dolphins in the Southwest Atlantic Ocean (SWAO). The age structure of 74 bottlenose dolphins stranded between 1905 and 1998 along the coast of southern Brazil (Santa Catarina State (SC), n = 13; Rio Grande do Sul State (RS), n = 58); Uruguay (n = 1) and northern Argentina (n = 2) (48°55'S-57°41'S) were assessed by Barreto (2000; 2016 this volume) . Based on counting of the growth layer groups (GLGs) (Perrin and Myrick, 1980) in the dentine of decalcified and stained longitudinal-sections of teeth, Barreto (2000; 2016 this volume) reported individuals ranging from less than one year (aged '0') up to 26 years. Many of them (55.4%) were young dolphins (0-4 years old). Males (n = 22) ranged from 0 to 26 whereas females (n = 23) from 0 to 22 years. Most males were young (59.1%) unlike females, where the majority (69.6%) were older individuals (> 5yrs), and we found that this difference was statistically significant (Fisher Exact test, p < 0.05). Also counting dentine GLGs, Siciliano et al. (2007) reported the age structure of 29 bottlenose dolphins collected between 1987-1997 in southeastern Brazil (18°25'S-25°45'S). The study relied on individuals from incidental captures, strandings and museum collections from Espírito Santo (ES) (n = 1), Rio de Janeiro (RJ) (n = 9), São Paulo (SP) (n= 13) and Paraná (PR) (n = 6) states. Their estimated ages ranged from zero (less than one year old) to 26yrs, with 72.4% of the sample consisting of sub-adult (4-8yrs) and adult (≥ 9yrs) dolphins. Males (n = 9) ranged from 0 to 18yr and females (n = 7) from 0 to 17yrs, whereas individuals of undetermined sex (n = 18) ranged 0.5-26yrs, and the majority of animals for both sexes were older (60% for males and 62.5% for females).
The data presented by Barreto (2000; 2016 this volume) and Siciliano et al. (2007) suggest significant different patterns in the age structure of stranded bottlenose dolphins between southern and southeastern Brazil (Fisher Exact test, p < 0.05). The mortality in the southern region seems to be skewed towards young male individuals. In contrast, in the southeastern region, stranded animals were mostly older dolphins, irrespective of sex. (Fruet et al., 2012) . These results should, however, be taken as preliminary, particularly because the dataset from both regions contains a mix of individuals that died of natural and fisheries-related causes; the sample size in the southeastern area is small and therefore stochasticity may account for much of this pattern.
Reproduction
Bottlenose dolphins have delayed sexual maturation and low reproductive capacity, despite slight variations in reproduction parameters among populations. Reproductive seasonality also varies among populations, and latitude seems to play a key role in birth rates and seasonality (Wells and Scott, 2009 ). In the SWAO, reproduction data of bottlenose dolphins are scarce and some parameters are unknown, especially for the offshore or oceanic populations. Most information on reproduction is available for coastal bottlenose dolphins in southern Brazil.
Age at sexual maturity Little information on age and length at sexual maturity is available for the SWAO. An approach using the northeast Atlantic inshore population as a reference for estimating the length of sexual maturity of stranded dolphins in southern Brazil has been undertaken (Fruet et al., 2012) . It was estimated that males and females longer than 318cm and 278cm, respectively, are sexually mature. In the Patos Lagoon Estuary preliminary results from the tracking of four females since birth showed that two primiparous females were eight and 10 years old, suggesting that sexual maturity was attained, respectively, at ages seven and nine, or earlier (Fruet et al., 2015a) .
Inter-birth interval Hoffmann (2004) provided the first information on interbirth interval of bottlenose dolphins in the SWAO, based on data collected across a seven-year photo-identification study in the Tramandaí River, southern Brazil. Reproductive history of two females (each one having given birth to three dolphins) resulted in a mean inter-birth interval of 2.8yrs, ranging between 2 and 3.5yrs (Hoffmann, 2004) . Recently, Fruet et al. (2015a) , using data collected systematically between December 2004 and March 2013, reported 37 inter-birth intervals for 24 photo-identified females in the Patos Lagoon Estuary, southern Brazil, approximately 320km south of the Tramandaí River. Inter-birth interval varied between one and six years (mean = 2.3yrs). Although the mean birth interval is likely underestimated due to the relatively short time data series (nine years), birth intervals of two years (58.3% of intervals) appear to be common in this population.
Birth Rate and Fecundity
For the Patos Lagoon Estuary population, Fruet et al. (2015a) , based on a dataset of photo-identification collected systematically over 8.2yrs, estimated fecundity at 11% by using the ratio between the number of newborn females (assuming 1:1 sex ratio) and the minimum number of mature females in the population (identified through historical photo-identification data). The result found is consistent with values reported for other populations of bottlenose dolphins worldwide (e.g. Wells and Scott, 1990; Kogi et al., 2004) . Using the same dataset, mean annual birth rate (calculated as the proportion of calves born to the total population size) was estimated at 9% for the Patos Lagoon population (Fruet et al., 2015a) , a result similar to that of the bottlenose dolphins from Moray Firth, Scotland (Wilson et al., 1999) and Fiordland, New Zealand (Haase and Schneider, 2001) .
Birth Seasonality Bottlenose dolphins inhabiting estuaries of southern Brazil (28°28'S-32°19'S) apparently have a well-defined reproductive seasonality. For Tramandaí River, Hoffmann (2004) estimated the birth date of eight individuals based on seven years of photo-identification data, covering the period 1996-2003. The approximate birth date was set based on the first sighting of a known female with a calf. Births occurred in two distinct seasons: late autumn and spring. Based on two years of photo-identification (2007) (2008) , Daura-Jorge (2011) also reported a higher number of births in spring for the resident population of bottlenose dolphins from Laguna, SC. For Patos Lagoon Estuary, Fruet et al. (2015a) estimated slightly different birth dates for 57 neonates of 32 known females based on 8.2yrs of photo-identification data. Birth date was calculated as the midpoint between the last sighting of a known female without young and the first sighting with a neonate within a 45-day period. It was concluded that births in the Patos Lagoon population occur in pulses, with a peak (78.9%) between late spring and mid-summer. Birth pulses coincided with months of higher surface water temperatures in the estuary (range 21.7-25.3°C), with a sudden drop in births when the water temperature started to decrease. The results compiled for the SWAO support previous observations of bottlenose dolphins inhabiting coastal areas in similar latitudes (e.g. Haase and Schneider, 2001; Thayer et al., 2003) , where births take place mostly during warm months. Differences on the approach used to estimate date of birth could be the reason for the slightly different result obtained across studies. Data from populations inhabiting the extreme ranges of the distribution of bottlenose dolphins in the SWAO will help to elucidate whether latitude plays an important role in their reproduction cycle.
Survival Survival probability for bottlenose dolphin in the SWAO was first estimated for the resident population of Laguna. Applying seasonal mark-recapture (MR) data collected over two sampling years to Cormack-Jolly-Seber ( apparent survival probability of 0.64 (95% CI = 0.51-0.75) for bottlenose dolphins that seasonally use the Cagarras Archipelago, RJ. Most recently, Fruet et al. (2015a, b) , analysing photo-identification data collected systematically over eight years, estimated sex-(for adults only) and agespecific (calf, juveniles and adults) apparent survival rates for the Patos Lagoon Estuary population. Using Pollock's robust design models, the authors found higher annual apparent survival for adult females (0.97, 95% CI = 0.91-0.99) than for adult males (0.88, 95% CI = 0.75-0.94) and juveniles (0.83, 95% CI = 0.64-0.93) (Fruet et al., 2015b) . Based on CJS models, first and second year annual calf survival were estimated at 0.84 (95 % CI = 0.72-0.90) and 0.86 (95 % CI = 0.74-0.94), respectively (Fruet et al., 2015a) .
Survival estimate in Cagarras Island is among the lowest for wild bottlenose dolphins worldwide (Fortuna, 2006; Currey et al., 2008; Silva et al., 2009; Mansur et al., 2012; Daura-Jorge et al., 2013; Fruet et al., 2015b) . Lodi et al. (2014) discuss that such a low survival probability could represent both a gradual abandonment of the study area or a high mortality outside this area. In contrast, the apparent adult survival estimates for Laguna and Patos Lagoon Estuary bottlenose dolphin populations are close to the values reported in the literature where overall adult survival probabilities ranged from 0.92 to 0.97 (Wells and Scott, 1990; Corkrey et al., 2008; Currey et al., 2008; Silva et al., 2009) . The disparity found between adult survival estimates for Laguna (0.917) and Patos Lagoon Estuary (females = 0.97; males = 0.88) populations is likely reflecting differences in study length and other methodological differences. For example, for the Laguna population, survival was derived considering young and adult dolphins of both sexes jointly in the dataset, while for Patos Lagoon Estuary survival estimates were stratified by sex and age class. This is supported by the fact that Fruet et al. (2015b) found similar adult survival estimates to those reported for the Laguna population when derived survival probabilities excluding the effect of sex (0.93; 95% CI = 0.89-0.95). In addition, it is well known for most mammal species that age-specific mortality is U-shaped, declining from birth to sexual maturity, then rising in adulthood, possibly after some delay and sometimes with post-reproductive survival (e.g. Caughley, 1966) . Therefore, mixing young and adult animals in the dataset could also lead survival probability downwards.
Lifespan Barreto (2000) provided the first information on the age structure for stranded bottlenose dolphins in SWAO. By counting the GLGs in the dentine of stranded animals in RS, Brazil, maximum ages of 26yrs for males and 21yrs for females were reported (Barreto, 2000; 2016 this volume) . Later, Siciliano et al. (2007) also reported a 26yrs old dolphin on the coast of PR, but of unknown sex. Together, these studies accounted for 82 individuals, and most of them (77.2%) did not exceed half of the maximum age estimated for the species (more than 50yrs; Hohn et al., 1989) . On the other hand, the mean age of stranded adult dolphins (> 8yrs) (n = 36; mean = 16yrs; SD = 4.6) is close to the expected average lifespan of 20 years or less for wild bottlenose dolphins in the northwest Atlantic Ocean 1 . Most recently, the recovered carcasses of three frequently sighted females in the Patos Lagoon Estuary since 1976 provided the opportunity to estimate their age. Ages of two females were estimated at 40, and the oldest at 44 years old by counting GLGs in their teeth dentine and cement (Fruet et al., 2015a) , nearly doubling the maximum age previously reported for female bottlenose dolphins in the SWAO.
Abundance Although there has been some progress in the estimation of abundance, this information is limited to local groups of dolphins inhabiting enclosed environments and reliable total population size estimations are still lacking for many regions along the SWAO, including some areas systematically Brazil) , methodological constraints, especially regarding reduced surveyed area and/or platform used, prevent the estimation of total abundance in these areas, and direct count of distinct animals is the only available information (Table 1, Figure 1) . Nevertheless, below we present a brief discussion on abundance estimates for regions where this information is available.
Cagarras Archipelago, RJ, Brazil Lodi et al. (2014) conducted weekly video-identification boat-based surveys between 2004 and 2012 to investigate a series of ecological aspects of the insular population of bottlenose dolphins in Cagarras Archipelago. The sampling effort was concentrated during austral winter and spring, according to the seasonal presence of bottlenose dolphins in the area (Barbosa et al., 2008) . Applying the Poisson-log normal mark-resight model, which incorporates additional data on the number of unmarked individuals, abundance estimates varied from a maximum of 38 individuals in 2004 (SE = 2.33; 95% CI = 33-42) to a minimum of four individuals in 2010 (SE = 0.65; 95% CI = 3-6). The data showed a clear negative trend in abundance until 2011 and 2012, when no dolphins were sighted in the Archipelago.
Laguna, Santa Catarina, Brazil Based on boat surveys, Daura-Jorge and Simões-Lopes (2016 this volume) compared two commonly used abundance estimation methods (MR and line-transect) in assessing the abundance of the resident populations of bottlenose dolphins in Laguna, southern Brazil. The MR and line-transect model analyses resulted in an abundance of 50 individuals (95% CI = 40-62) and 61 individuals (95% CI = 39-95), respectively. The population size of 50 individuals estimated by MR models is very similar to the 51 individuals reported 20 years ago by Simões-Lopes and Fabian (1999) in the same area, who estimated the population size by the ratio between the total number of identified individuals and the proportion of marked dolphins in 52 groups sampled. Despite the differences in the methods used in these studies (e.g. equipment and statistical models) these data suggest a stable population during the last 20 years (see Daura-Jorge et al., 2013 for details) .
Patos Lagoon Estuary, RS, Brazil
Applying closed-population MR models for photoidentification data, Dalla Rosa (1999) (Fruet et al., 2012) and the impacts of such deterministic pressure in this very small population should be looked closely. Future successive abundance estimations will help to elucidate population trends over large periods.
Uruguay Laporta et al. (2016 this volume) presented the first abundance estimate of bottlenose dolphins in the Uruguayan coast for La Coronilla, Rocha Department, an open coastal area. Boat-based surveys for photo-identification were conducted between January and May 2008. Using MR models for closed and open populations, abundance was estimated at 63 (95% CI = 54-74) and 61 (95% CI = 53-73) individuals, respectively (corrected for the proportion of unmarked dolphins). Abundance estimates produced by both MR models were very similar regarding point abundance estimates and precision.
Argentina Two abundance estimates are available in Argentina. Closed-population MR analysis based on photo-identification data collected in Natural Protected Area of San Antonio Bay (NPABSA), northeastern Patagonia, resulted in an abundance estimation of 83 dolphins (95% CI = 73-112), including the proportion of unmarked individuals in the population (Vermeulen and Cammareri, 2009 ). On the other hand, Coscarella et al. (2011) used a strip-transect model from aircraft survey data and estimated only 34 dolphins (95% CI= 22-51) for a greater coastal area in Argentina, that partially overlapped with that surveyed by Vermeulen and Cammareri (2009) . The upper bound of the confidence interval (51 individuals) obtained by the strip-transect survey study (Coscarella et al., 2011) is slightly above the minimum number of identified animals (44 individuals) found by the MR approach (Vermeulen and Cammareri, 2009) . Nevertheless, it is clear that the abundance estimates for central Argentina are inconsistent and should be reviewed carefully prior to inferring population decline based solely on direct count of recognized individuals from past photoidentification data (see Coscarella et al., 2011) .
For all studied populations in the SWAO, abundance was estimated using MR models applied to photo-identification data or, in few cases, using line-transect methods. We noticed that in some circunstances surveys were apparently conducted without adequate experimental design. Such limitation might yield biased estimates, thus compromising comparison between estimates and precluding population trend analyses that represent crucial information to evaluate the conservation status of these populations. Photo-identification catalogues are available for a considerable number of locations and must be used to provide abundance estimates despite inadequate experimental designs.
Recommendations
This review shows the lack of basic information regarding the population parameters of bottlenose dolphin along the SWAO, although the existence of ongoing catalogues of photo-identified individuals and information and biological samples collected from stranded carcasses along the area. Clearly it is crucial to use existing datasets to estimate those population parameters and to establish a coordinated interinstitutional research program to better understand the ecology of bottlenose dolphins in the region. Specifically, we highly recommend to (in no order of importance):
1. Estimate the age and determine the sex from bottlenose dolphins' teeth deposited in scientific collections along the SWAO. Such effort is critical to allow a more robust analysis that would help to understand the mortality patterns of bottlenose dolphins in the SWAO; 2. From thus aged animals, to use adequate models to reliably estimate the mean life span of bottlenose dolphins;
3. Organize and analyze current photo-identification catalogues in areas where population parameters are lacking such as in Norte Bay and adjacent coastal waters (SC), open coastal areas of RS (southern Brazil) and Argentina; 4. Estimate reproductive data from populations where long-term photo-identification data are available, as well as from stranded carcasses. Special attention should be given to estimate the age of attainment of sexual maturity or age of first reproduction (from photo-identification data); 5. Estimate sex-specific adult survival and abundance to infer on population trends. Specifically, for those locally adapted populations where long-term mark-recapture data are accessible, we suggest the use of open-population or robustdesign models to estimate both parameters. On the other hand, for populations inhabiting large areas, like the open coast, where individuals presumably have greater home ranges (and recapture rate is low), line-transect and distance sampling may be more feasible to estimate abundance. Simultaneous surveys could be conducted to cover larger areas;
6. Estimate population trends for populations where long-term data are available. Although linear regression and statistical power analysis are easily accessible, we strongly recommend the use of a Bayesian approach to conduct such analysis.
